The variation of chemical compositions in essential oils obtained from fresh fruits, fruit stalks and stem barks of four Piper nigrum L. varieties was analysed using capillary gas chromatography-flame ionization detector (GC-FID) and gas chromatography-mass spectrometry (GC-MS). The essential oils were extracted by hydrodistillation Clevenger-type apparatus. The major oil constituents identified in all samples were β-elemene (1.07-2.93%), (+)-δ-cadinene (0.58-6.20%), α-caryophyllene (1.90-6.21%), δ-elemene (0.38-13.26%), 3-carene (0.07-16.82%) and β-caryophyllene (11.78-38.33%). All oil samples showed high content of sesquiterpenes, whereas fruit oils from Semongok Emas and Semongok Wan yielded mostly monoterpenes. Hierarchical clustering and principal component analysis (PCA) of the oil components revealed significant correlation amongst individual P. nigrum oil samples.
INTRODUCTION
Piper nigrum is a perennial woody climber, which grows up to 10 meter (Ravindran & Kallupurackal 2000) . Its green tinged young stems becoming dark green upon maturity. The fresh unripe fruits are green in color, while ripe fruits are red and dry fruits are black and wrinkled (Barceloux 2009 ). The dried ground berries are the most widely traded spices in the world. There are various varieties of black pepper and the most popular cultivar in Malaysia is Kuching variety (Ravindran & Kallupurackal 2000; Janic 2007 ). Semongok Perak and Semongok Emas varieties of P. nigrum were produced from breeding work in the laboratory and were released in 1991 and 1998, respectively (Det 2008) . The varieties are known to vary in spike length, berry attributes, quality parameters and yield (Amma et al. 2001) . The varieties also differ in resistance to pest and disease (Mammootty et al. 2008) . Various investigations focused mainly on the variability of oil compositions between the plant parts. The aims of this study were to evaluate the variation of chemical compositions in the essentials oil of several P. nigrum varieties cultivated in Sarawak and classify theme by using chemometric approach.
MATERIALS & METHODS

Plant material and hydrodistillation
Fresh fruits, fruit stalks and stem barks of P. nigrum varieties (Kuching, Semongok Emas, Semongok Perak and Semongok Wan) were collected from Tarat, Serian in Sarawak. Identification of P. nigrum varieties was performed by Tarat Agricultural Seeding Production Centre. Plant materials (100 g) were subjected to hydrodistillation in a Clevengertype apparatus for 8 hours. The oils collected were dried over sodium sulphate anhydrous. The oil yield was calculated and recorded on the basis of dried weight material.
GC-FID and GC-MS analysis
GC-FID analysis on the essential oils constituents were performed by using a Hewlett Packard HP-6890 gas chromatograph equipped *Corresponding author: zaini@frst.unimas.my with a flame ionization detector (FID) using a HP-5 fused capillary column (30 m x 0.25 mm i.d. x 0.25 μm of phase thickness). Hydrogen was used as the carrier gas at a flow rate of 1 mL/min. Exactly 1 μL of diluted sample was injected in splitless mode. The oven temperature was initially set at 40 °C for 3 min, and then programmed at rate of 8 °C/min to 160 °C and at a rate of 15 °C/min to 300 °C. The final temperature was held constant for 10 min.
GC-MS analysis of essential oil was performed on a GC-MS model Shimadzu QP-2010 Plus. Prior to GC-MS analysis, exactly 1 μl of diluted essential oil was injected into the column in the splitless mode. The essential oil sample was separated on a capillary BPX-5 column (30 m x 0.25 mm i.d. x 0.25 μm of film thickness). The temperature program used was similar to GC-FID analysis. The injector temperature was set at 25°C. Helium gas was used as carrier gas with a flow rate of 1 mL/min.
Identification of the individual components was made by comparison of their mass spectral with the National Institute for Standard Technology -NIST08 library incorporated in GC-MS data system and reconfirmed by comparing the calculated Kovat's indices with Liu et al. (2011) . The Kovats index was calculated using n-alkanes homologous series. The semi-quantitative data of the oils were obtained using peak area of each component in the gas chromatogram without applying correction factors.
Chemometric statistical analysis
Prior to cluster analysis (CA) and principal component analysis (PCA), the set of data was processed using PASW Statistics 18 software. A combination of CA and PCA were used to assess variability existing in composition of essential oils from different varieties of P. nigrum.
RESULTS & DISCUSSION
The Percentage Yield of the Essential Oils
The oil yield of samples calculated on dry weight basis showed that the fruit stalk gave highest yield (2.49 -3.80%, v/w), while stem bark showed the lowest yield of oil (0.33 -1.13%, v/w). The fruit gave oil yield between 1.05 -1.49% (v/w) and all the oil was in liquid form. The physical properties of each oil types are summarized in Table 1 . Figure 1 shows a typical GC-MS chromatogram of essential oils from P. nigrum. The identified oil constituents and their Kovat's indices are listed in Table 2 . The major components identified in the P. nigrum oil were monoterpene (3-carene) and sesquiterpenes (β-elemene, (+)-δ-cadinene, α-caryophyllene, δ- (Menon et al. 2003; Menon & Padmakumari 2005a ) which reported β-pinene as the main constituents in the fruit oils of P. nigrum. High content of sabinene was reported in the fruit oil of P. nigrum (Menon et al. 2003; Tchoumbougnang et al. 2009) (Pino et al. 2003; Martins et al. 1998; Sasidharan & Menon 2010) . Pino et al. (2003) have identified α-terpinene with significant amount in stem bark oil but less than 1% of this compound was detected from the stem bark oil in this study. Hydrocarbon sesquiterpene were abundance in fruit stalk oil of Semongok Perak variety (81.54%), while the fruit oil of Semongok Emas variety contained only 39.68% of hydrocarbon sesquiterpene. Oxygenated sesquiterpenes represent 1.38-16.74% of total oil content. The most abundance oxygenated hydrocarbon compounds identified are caryophyllene oxide (0.30-3.06%) and spathulenol (0.06-5.49%). Oxygenated sesquiterpenes were found mostly in the stem bark oil of Kuching variety (16.74%). Only a few of oxygenated sesquiterpenes were identified in fruit oil of Semongok Perak variety (1.38%).
Chemical Composition of the Essential Oils
Statistical Analysis on Essential Oil Constituents
The chemometric analysis of oil components revealed similarity between plant parts among P. nigrum varieties. In comparison of similarity level of plant parts from P. nigrum varieties, some close relationships were revealed, especially among the fruit oils. Dendrogram ( Figure 2 ) and PCA plot (Figure 3) showed that the fruit oil of Semongok Perak variety has the highest similarity level with that of Semongok Wan variety fruit oils.
The fruit oil of Semongok Perak variety also has some similarity with the fruit oil of Semongok Emas variety. There were also some correlations between the stem bark oils in all samples. The stem bark oil of Kuching variety was clustered next to stem bark oil Semongok Perak variety. The stem bark oil of Kuching variety was also correlated to Semongok Emas variety stem bark oil. There was some similarity between the fruit stalk oils of Kuching and Semongok Perak varieties.
Results obtained from cluster analysis and principal component analysis also exhibited the existence of several variations within the oils according to the plant parts. The stem bark and fruit stalk oils of Semongok Wan were clustered separately from other oil samples as shown in Figures 2 and 3 . trans-3,6-diethyl-3,6-dimethyl-tricyclo[3.1.0 
CONCLUSIONS
The oil constituents of four P. nigrum varieties showed the predominance of sesquiterpenes, except for Semongok Emas and Semongok Wan fruit oils. Hydrocarbon sesquiterpenes were identified as the major components in all oil samples studied. The chemometric analysis based on the GC-MS data of oil illustrated that the oil compositions among the fruit, fruit stalk and stem bark in four different P. nigrum varieties are quite similar. A considerable level of similarity between the varieties was also distinguished. Further study on other plant parts of various P. nigrum varieties may provide valuable information for current chemotaxonomic investigation based on essential oil composition.
